Twenty-one patients operated on for unruptured intracranial aneurysms were studied retrospectively in order to identify the incidence of postoperative seizures, factors predictive of seizures, and the response to discontinuation of antiepileptic drugs. The overall risk of postoperative seizures in initially seizure-free patients was 15.7%. Although seizures were not uncommon, antiepileptic drugs were successfully tapered in most of the patients before 12 months. KEY WORDS 9 aneurysm 9 seizure 9 antiepileptic drug T HE incidence of postoperative epilepsy following craniotomv has been reported to range between 8% and 5()%, and the risk of seizures following ruptured aneurysms ranges from 3% to 26%. 1-3'~H3 Nevertheless, the risk of seizures after surgery for unruptured aneurysms is not well known. It would be expected that this risk would be low, given the lack of preoperative hemorrhage, modern microsurgical techniques, and limited cortical resection. If indeed the risk for seizures is very low, then prophylactic anticonvulsant agents would be contraindicated, given their potential side effects. 6 We retrospectively studied 21 patients who underwent surgery for unruptured intracranial aneurysms in order to identify the risk of postoperative seizures, factors predictive of seizures, and the response to discontinuation of antiepileptic drugs.
T HE incidence of postoperative epilepsy following craniotomv has been reported to range between 8% and 5()%, and the risk of seizures following ruptured aneurysms ranges from 3% to 26%. 1-3'~H3 Nevertheless, the risk of seizures after surgery for unruptured aneurysms is not well known. It would be expected that this risk would be low, given the lack of preoperative hemorrhage, modern microsurgical techniques, and limited cortical resection. If indeed the risk for seizures is very low, then prophylactic anticonvulsant agents would be contraindicated, given their potential side effects. 6 We retrospectively studied 21 patients who underwent surgery for unruptured intracranial aneurysms in order to identify the risk of postoperative seizures, factors predictive of seizures, and the response to discontinuation of antiepileptic drugs.
Clinical Material and Methods
We evaluated 28 patients who unde~'ent elective surgery for unruptured intracranial aneurysms between 1984 and 1989. All patients were operated on by the same neurosurgeon (S.L.G.). Data were gathered from clinic charts and patient interviews. Information was collected regarding the type, number, and timing of pre-and postoperative seizures, aneurysm location, antiepileptic drug prophylaxis, side effects, duration of treatment and effect of discontinuation of antiepileptic drugs, pre-and postoperative neurological deficits, and operative complications. Data were complete for analysis of 21 patients. Statistical analysis was performed using the Fisher's exact test.
Results
The mean follow-up time from surgery was 24 months (range 2 to 68 months). Overall, five of the 21 patients experienced postoperative seizures. Two of those had suffered seizures for more than 1 year prior to surgery and were not receiving antiepileptic drugs preoperatively. The overall incidence of postoperative seizures in the 19 initially seizure-free patients was 15.7% (three cases). The interval between surgery and the first seizure ranged from 2 days to 13 months (Table  1) . Sixteen patients remained seizure-free postoperatively, none of whom had experienced preoperative seizures (Table 2) . Perioperative complications were highly predictive of postoperative seizures. All three initially seizure-free patients who developed postoperative seizures had perioperative complications. In contrast, only four (25%) of the 16 patients who remained seizure-free had perioperative complications. This difference was statistically significant (p = 0.036).
The temporal lobe was retracted in two (67%) of the three patients with postoperative seizures who were seizure-free preoperatively; both patients, however, also had perioperative complications. None of the seizurefree patients had temporal lobe retraction. Although this is also statistically significant (p = 0.018), it was not possible to evaluate temporal lobe retraction as an independent variable.
A history of preoperative seizures was found in two (40%) of the five patients with postoperative seizures, one of whom also had perioperative complications. In contrast, none of the 16 nonseizure patients had a history of preoperative seizures (p = 0.0476). Again, it was not possible to statistically separate preoperative seizures from perioperative complications.
Seventeen patients were treated with antiepileptic drugs. Thirteen (76%) experienced at least one side effect, but no severe side effects were reported. Twelve patients (71%) were seizure-free postoperatively, and 11 of these were successfully tapered from antiepileptic drugs without recurrent seizures; one patient continues to receive antiepileptic drugs. Seven patients (58%) were successfully tapered before 12 months postoperatively and four (33%) were successfully tapered after 12 months.
Discussion
The primary finding in this study is that postoperative seizures are not uncommon following surgery for unruptured aneurysms, and that perioperative complications, temporal lobe retraction, and a history of preoperative seizures may be significant risk factors for the development of seizures. However, because some patients with postoperative seizures had more than one risk factor, we were unable to statistically assess each variable independently. Other investigators have identified temporal lobe retraction as a significant risk factor. 2~'5 In addition, the findings suggest that, in this study, most patients who remained seizure-free could be tapered off antiepileptic drugs within 12 months.
These findings are in agreement with those of most other studies regarding the incidence of seizures following surgery for ruptured aneurysms, which generally range between 10% and 26%, but are substantially higher than that reported by Sbeih, et al., 13 who reported a 3% rate. ~-3'~ ~.~2 Our incidence (15.7%) is similar to the 16.7% rate reported by North, et at., ~~ in patients who underwent craniotomy for various etiologies who, like our patients, did not receive preoperative prophylaxis. Recently, Michenfelder, el al., 9 have shown that intraoperative administration of penicillin lowers the seizure threshold of patients undergoing craniotomy, and that the risk of early seizures in this group is 4.7% compared to 1.8% in controls. In our study, none of the patients received intraoperafive antibiotics, thus eliminating this important risk factor as a confounding variable in our study.
Our study does not specifically address the issue of prophylaxis; however, given the relatively high rate of seizures, the data support the contention that antiepileptic drugs following surgery for unruptured aneurysms are indicated at least in patients with any of the three risk factors identified. Antiepileptic drugs are not totally benign, however, and mild to severe side effects do occur. For example, the landmark Veterans Administration cooperative study compared the efficacy and toxicity of four of the first-line antiepileptic drugs in 622 individuals with epilepsy. 8 Intolerable side effects leading to drug failure occurred in 14% of patients, and such occurrences as motor disturbance and dysmorphic and idiosyncratic side effects were observed in significant numbers of patients, although severe sequelae were rare. Given the 76% risk of side effects from antiepileptic drugs reported in our study as well as others, 6"7 the physician should be selective in the use of antiepileptic drugs while recognizing that seizures may occur in patients without identifiable risk factors. This is a pilot study, limited by the relatively small sample size and its retrospective nature. In addition, selection bias might be a factor since seven of the 28 patients initially studied did not have sufficient medical records for inclusion in the results. Further prospective studies are indicated in order to define the role of antiepileptic drugs in this patient population.
